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(54) Capacftivemeasurennent of level 
in a container 

(57) A rod-like probe for the capacitive 
measurement of the level in a container 
1 1ncludes two electrical conductors 2a, 
2b insulated from each other and elec- 
tricaiiy interconnected at the inner end 
of the probe, the ends of the conductors 
remote frY>m the container being pro- 
vided with terminals 2c, 2c/ which are 
separate from each other. Alternative 
constructions are a rod of insulating 



material into which a wire is embedded 
in hairpin manner; a solid nrietal rod 
provided with a longitudinal groove 
over its entire length into which an 
insulated electrical wire is embedded 
connected at its lower Qnd to the metal 
rod; or a metal tube sealed at its tower 
end by a metal wall and a metal wire or 
rod extending along the tube axis and 
connected at its lower end to the wall. 

Continued overleaf... 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed fonnal copy. 



The electrical continuity of the ciroitt 
extending betuveen terminals 2c, 2</can 
be monitored by test circuit 7 connected 
to 2d, a capacitance measuring circuit 
for the level measurement being con- 
nected to 2c. 
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SPECIFICATION 

Capacitfve measurement of level in a container 

5 The present Invention relates to a rod-like probe for 
the capadtlve measurement of the level In a contain- 
er, the probe forming the one electrode and the 
container the other electrode of a capacitor whose 
capacitance depends on the level In the container. 
1 0 Rod-like probes of this type are used either for 
continuous level measurement, then extending sub- 
stantially over the entire height of the container and 
consequently having a considerable length, or for 
determining when certain limit levels are reached, 
15 when they may be shorter. In both cases the 

" problem is encountered that a breakage or tearing 

- away of the probe is difficult to detect and leads to 
erroneous indication of the level. 
The objective of the present invention is to provide 

20 a rod-like probe of the type mentioned at the 

beginning which permits reliable detection of probe 
detachment or breaking away. 

According to the invention this is achieved in that 
the probe includes two electrical conductors insu- 

25 lated from each other which are electrically con- 
nected together at the ends facing the container 
Interior and the ends of which remote from the 
container Interior are provided with electrical termin- 
als separate from each other. 

30 In the rod-like probe according to the Invention the 
two terminals of the probe conductors for the 
capacitance measurement which Is carried out with 
high-frequency alternating current, are at the same 
potential so that the Inductance of the loop is of no 

35 consequence. The probe behaves like a simple rod. 
However, the loop existing between the two termin- 
als affords the possibility of checking the satisfactory 
direct electrical connection between the two termin- 
als during operation. When the probe is broken away 

40 this electrical direct connection is interrupted so that 
the check reliably detects the fault. 

The foregoing and other objects of the features of 
the present invention will become more apparent 
upon a consideration of the following description 

45 taken in conjunction with the accompanying draw- 
ings, wherein: 

Figure / Is a schematic illustration of an an'ange- 
mentforcapacitive level measurement with a rod- 

• like probe according to the invention, 

50 Figures 2, 3 and 4 are schematic longitudinal and 
cross-sectional views of various embodiments of the 

. rod-like probe according to the invention, 

Figure 5 Is a sectional view of a practical embodi- 
ment of the rod-like probe and 

55 Figure 5 Is a sectional view of another practical 
embodiment of the rod-like probe. 

Rgure 1 showsdiagrammatically an arrangement 
for the capacitive measurement of the level In a 
container 1 which contains a liquid or a bulk 

60 material. Disposed in the container 1 is a rod-like 
probe 2 which fonns the one electrode of a capacitor 
whose other electrode is formed by the container 1, 
the dielectric between the two electrodes being 
fonned partially by air and partially by the filling 

65 material. The capacitance between the container 1 



and the probe 2 thus varies In dependence upon the 
level In the container. When the rod-like probe 
extends over the entire height of the container a 
continuous measurement of the level is possible. If 

70 the arrangement serves as limit switch which is only 
to detect when a predetermined minimum or max- 
imum level is reached the rod-like probe 2 Is 
relatively short and is mounted at the height of the 
level to be detected. 

75 Connected to the probe 2 is a capacitance measur- 
ing circuit 3 which furnishes an output signal which 
depends on the capacitance between the probe 2 
and the container 1. Numerous suitable capacitance 
measuring arrangements are known which can be 

80 used in the present case. As example. It will be 
assumed that an HF oscillator 4 is provided which 
produces an HF oscillation of fixed frequency which 
is applied via a transfomner 5 to the rod-like probe 
and the capacitance measuring circuit 3. The current 

85 supply of the oscillator 4 and the capacitance 
measuring circuit 3 Is between a conductor 6 which 
is connected to the positive terminal of a DC voltage 
source and the circuit ground which is connected to 
the negative terminal of the DC voltage source and 

90 to which the container 1 is also connected. The 
capacitor formed by the container 1 and the probe 2 
is thus in series for alternating current with the 
secondary winding of the transformer 5. The alter- 
nating current Im flowing through said circuit de- 
95 pends, with fixed oscillator frequency and constant 
output voltage of the oscillator, only on the capaci- 
tance between the probe 2 and the container 1. The 
capacitance measuring circuit 3 may be so con- 
structed that it converts said alternating current to a 

100 DC voltage proportional thereto which is furnished 
at the output 3a as measuring signal. This measuring 
signal can be transmitted in any suitable manner to 
an evaluation means. 
The particular feature of the arrangement illus- 

1 05 trated resides in that the probe 2 is not constructed 
as simple rod but in "hairpin" form with two parallel 
conductors 2a, 2b which are electrically connected 
together at the end facing the container interior and 
at the ends projecting from the container each have 

110 their own electrical terminal 2c and 2d. The terminal 
2c is connected to the secondary winding of the 
transformer 5 whilst to the terminal 2d a test circuit 7 
is connected which is so constructed that it can 
monitor the electrical continuity of the circuit extend- 

115 Ing between the terminals 2c and 2d. For example, 
the arrangement may foe such that the capacitance 
measuring circuit allows a direct current to flow via 
the secondary winding 2 and the probe conductors 
2a, 2b to the test circuit 7. The test circuit 7 can 

120 determine whether this direct current is Intermpted 
or has dropped beneath a predetermined minimum 
value. In each of these cases It furnishes a signal at 
its output 7a. 
It is possible with the arrangement described to 

1 25 check whether the probe has broken off or Is 
damaged in a manner which impairs proper func- 
tioning. In the case of a probe which has broken 
away the direct current path outiined above is 
completely intenrupted. The same thing occurs when 

130 the probe Is not completely broken away but when 
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for example there is a fine crack which interrupts the 
electrical continuity of the probe conductor. In all 
these cases the test circuit 7 furnishes at its output 7a 
a signal which indicates the presence of a fault and 
5 can possibly be employed to initiate safety mea- 
sures. 

Rgures 2, 3 and 4 show diagrammatically various 
embodiments of rod-like probes which can be used 
in the arrangement of Figure 1 1nstead of the probe 
10 Z 

The probe of Rgure 2 consists of a rod-like body 10 
of insulating material into which a wire 1 1 is 
embedded which is bent in hairpin manner and 
which comprises two sections 11a, 1 lb which extend 

15 practically over the entire length of the body 10 and 
which at the end facing the container interior are 
connected together by a short transverse portion 
11c. At the ends of the two wire sections 1 1 a, 1 lb 
projecting upwardly out of the body 10 two electrical 

20 terminals 12, 13 separate from each other are 
disposed. This embodiment of the probe permits 
particularly simple and cheap production; furth* 
ermore the wire is completely electrically Insulated 
by the insulating material from the filling material 

25 disposed in the container and protected from che- 
mical effects. The mechanical strength of said probe 
depends substantially on the insulating material of 
the body 10 so that this form of the probe is suitable 
in particular for uses where the probe is subjected to 

30 only small mechanical stresses. 

Rgure 3 illustrates a rod-like probe which has a 
greater mechanical strength. It includes a solid metal 
rod 15 which occupies the major part of the probe 
cross-section. Milted into the metal rod 15 over the 

35 entire length thereof is a longitudinal groove 16 into 
which an insulated electrical wire 17 is embedded 
which Is connected at 1 8 at the lower end facing the 
container interior electrically to the metal rod 15. An 
insulating sheath 19 surrounds the entire peripheral 

40 surface and the lower end face of the metal rod 15 as 
well as the groove 1 6 and the wire 1 7 disposed 
therein. At the upper free end face of the metal rod 
15 there is an electrical terminal 20; a second 
terminal 21 is disposed at the end of the wire 17 

45 projecting upwardly from the longitudinal groove 
16. 

The probe illustrated in Rgure 4 comprises a metal 
tube 22 which is sealed at the lower end facing the 
container interior by a metal end wall 23 whilst the 

50 upperendisopen.Ametal wire or metal rod 24 
extends within the metal tube along the axis and is 
connected at the lower end electrically to the end 
wall 23 whilst the upper end projects from the open 
end of the metal tuf>e 22. Apart from the connection 

55 of the lower end to the end wall 23 the metal wire or 
metal rod 24 is insulated over its entire length from 
the metal tube 22. \t as illustrated in Rgure 4, the 
metal wire or metal rod 24 has an external diameter 
which is substantially smaller than the internal 

60 diameterofthe metal tube 22 and ifthe metal wire or 
metal rod 24 has adequate stiffness; the air interme- 
diate space in the interior of the metal tube 22 
provides adequate insulation. Otherwise, the metal 
wire or metal rod 24 may be coated with an 

65 insulating layer or the entire remaining cavity of the 



metal tube 22 can be filled with insulating material. 
An insulating sheath 25 surrounds the entire 
peripheral surface of the metal tube 22 and the outer 
surface of the end wall 23. Disposed at the upper end 
70 of the metal tube 22 is an electrical terminal 26 and a 
second electrical terminal 27 is disposed at the end 
of the metal wire or metal rod 24 projecting from the 
metal tube. 

Rgure 5 shows a practical example of embodi- 

75 ment of a rod probe 30 which is made according to 
the principle illustrated in Rgure 4 and serves to 
measure the level in a container, only a portion of 
the container wall 31 being illustrated, forming the 
upper closure. The rod probe 30 is secured by means 
80 of a securing and lead-through means 32 in an 
opening 33 of the container wall 31 . The componerits 
of the electronic measuring and test circuit, i.e. for • 
example the capacitance measuring circuit 3, the 
oscillator 4 and the test circuit 7 of Figure 1 , are 
85 accommodated in a housing 34 disposed outside the 
container. The securing and lead-through means 32 
comprise a screw-In member 35 whose lower por- 
tion is cylindrical and comprises an escternal thread 
whilst the upper portion is formed as hexagonal 
90 head. The screw-in member 35 is screwed into the 
internally threaded opening 33 of the container wall 
31 with interposition of a sealing ring 36. 

The housing 34 Is mounted on the top of the 
screw-in member 35 by means of screws 37. 
95 In the upper portion of the screw-in member 35, 
constructed as hexagonal head, a central recess 40 is 
formed. The lower cylindrical portion of the screw-in 
member 35 has a central opening 41 which is 
cylindrical in the upper portion, the latter being 

100 followed downwardly by a conical portion which 
widens towards the Interior of the container. 

The rod probe Is Inserted into the centre opening 
41 of the screw-in member 35. 
The actual rod probe comprises, as in the case of 

105 Rgure 4, a metal tube 42 which is sealed at the lower 
rod 44 extends axially through the hollow interior of 
the metal tube 42 and the lower end of said rod 44 Is 
mechanically and electrically connected to the clo- 
sure member 43 whilst the upper end projects out of 

110 the metal tube 42. 

The upper end portion of the metal tube 42 has a 
reduced diameter and is secured in the axial bore of 
an intermediate member 45. The lower portion of the 
intermediate member comprises an upwardly taper- 

115 ing conical outer surface 46 which is adapted to the 
conical inner surface of the centre opening 41 of the 
screwHn member 35. The conical portion 46 merges 
Into a short cylindrical portion 47 which Is followed 
by a cylindrical portion 48 of somewhat larger 

120 diameter so that a shoulder is formed between the 
two cylindrical portions 47 and 48. 

An Insulating sheath 50 sunrounds the lower 
portion of the intermediate member 45, in particular 
the conical portion 46 and the adjoining cylindrical 

125 portion 47 up to the shoulder, as well as the entire 
outer surface of the metal tube 42 and the metallic - 
closure member 43. The insulating sheath 50 pro- 
jects downwardly somewhat beyond the closure 
member 43 and in this projecting portion a plug 51 of 

130 Insulating material is inserted. The insulating sheath 
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50 and the plug 51 preferably consist of polytetra- 
fluoroethylene. 

The upper side of the Intermediate member 45 is 
flush with the upper end face of the metal tube 42 

5 and welded to said face. On the common upper side 
of the intermediate member 45 and the metal tube 
42 a tubular metaiUc extension sleeve 52 is secured 
coaxially by welding. The upper portion of the centre 
opening 53 of the extension sleeve 52 is cylindrical, 

10 This cylindrical portion is followed downwardly by a 
conical portion 54 which widens towards the con- 
tainer interior and which finally merges into a 
cylindrtcal portion 55 of greater diameter. 
The upper end of the metal rod 44 is threaded and 

15 screwed into a correspondingly threaded bore at the 
lower end of a pin 56. The lower end portion 57 of 

- the pin 56 has a conical form adapted to the conical 
portion 54 of the centre opening 53. Disposed at the 

* upper portion of the pin 56 projecting from the 

20 extension sleeve 52 is an outer thread onto which a 
nut 68 is screwed which engages with the upper side 
of a ceramic bushing 59 which rests on the extension 
sleeve 52. 

Attached to the end of the closure pin 56 project- 

25 ing upwardly into the housing 34 is an electrical 
terminal 60 which forms one of the two temninals of 
the rod probe. The second tenminal of the probe is 
formed by a terminal 61 which is mounted on the 
outside of the extension sleeve 52 and via the latter 

30 is in electrical connection with the metal tube 42. 
An insulating sheath 62 surrounds the entire metal 
rod 44 and the portion of the pin 56 lying within the 
extension sleeve 52 and the ceramic bushing 59. 
Said insulating sheath is preferably a shrunk sheath 

35 of polytetrafluoroethylene. 

An insulating bushing 65 disposed in the recess 40 
surrounds the end portion of the intermediate 
member 45 projecting from the centre opening 41 
and the lower portion of the extension sleeve 52. A 

40 helical pressure spring 65 is inserted between the 
bottom of the recess 40 and a shoulder formed on 
the insulating bushing 65. In the upper portion of the 
insulating bushing 65 a widened recess 67 is formed 
which surrounds a nut 68 which is screwed onto an 

45 external thread formed on the outside of the exten- 
sion sleeve 52 substantially at the level of the conical 
portion 54. 

The helical pressure spring 66 is compressed by 

screwing on the nut 64 over the insulating bushing 
60 65, producing an upwardly acting force which tends 

to pull the intermediate member 54 upwardly into 
4 the centre opening of the screw-in member 35. Asa 

result, the conical faces 41 and 46 on the screw-in 

member 35 and the intermediate member 45 respec- 
55 tively and the insulating sheath 50 therebetween are 

pressed together. In this manner the rod probe is 

held to produce a gas-tight and pressure-tight 

sealing in the screw-in member 35. 
A corresponding sealing is produced between the 
60 conical portions 54 and 57 of the extensipn sleeve 52 

and pin 56 with Interposition of the insulating sheatii 

62 by tightening the nut 58. 
The pressure-tight seals obtained remain when 

eitherthe entire probe rod 30 in the interior of the 
65 container breaks off or when the metai rod 44 In the 



interior of the metal tube 42 breaks off. The threads 
at the upper end of the metal rod 44, with which the 
latter Is screwed into the lower end of thepin 56, 
form a predetermined breakage point so that break- 

70 ing away of the metal rod takes place practically only 
directly beneath the conical portion 57. 

Any breaking away In theinanner outlined can be 
immediately detected by the interruption of the 
electrical direct circuit between the terminals 60 and 

75 61 . The construction outlined avoids aggressive 
media penetrating from the container interior into 
the interior of the housing 34 before the damage is 
repaired. 

The probe rod illustrated tn.Rgure 5 may have any 
80 desired length, as indicated by the break. If it is used 
only to determine when a predetermined maximum 
level is reached it may be relatively short; if on the 
other hand it Is used for continuous level measure- 
ment it must extend practically over the entire height 
85 of the container. 

Rgure 6 illustrates another embodiment of the rod 
probe which is also made in accordance with the 
principle of figure 4 and differs from the embodi- 
ment of Figure 5 mainly as regards the mounting in 
90 the screw-in member. Corresponding parts are pro- 
vided with the same number but increased by 100 
compared with those in Rgure 5. 

The actual probe rod 1 30 again consists of a metal 
tube 142 whose lower end is sealed by a metallic 
95 closure member 143 and a metal rod 144 which is 
disposed in the interior of the metal tuba 142 and 
which is connected at the lower end electrically to 
the closure member 143. Furthermore, once again 
an insulating sheath 150 is provided which covers 

100 the entire outer surface of the metal tube as well as a 
plug 151 which seals the lower end of the insulating 
sheath. The metal rod 144 is screwed at the upper 
end to a pin 1 56 which is led through the centre 
opening of an extension sleeve 152 mounted on the 

1 05 upper end of the metal tube 142. The lower end 
portion 157 of the pin 156 is again made conical and 
is seated with interposition of the Insulating sheath 
162 in a correspondingly shaped conical widening 
154 of the centre opening of the extension sleeve. 

110 The threaded portion of the pin 156 projecting 

outwardly from the extension sleeve 152 carries the 
one electrical terminal 160. Screwed onto this 
threaded portion is a nut 158 which presses via a 
ceramic bushing 1 59 against the upper end face of 

115 the extension sleeve 152. The second terminal 161 is 
mounted on the extension sleeve 152. 

The parts previously described thus have substan- 
tially the same structure and the same function as in 
the embodiment of Figure 5. 

120 The rod probe 130 is carried by a screw-In member 
135 whose centre opening again has a conical 
portion 141 which however in this case widens 
outwardly. In this conical widening a conical portion 
146 of the probe rod Is disposed and Is either formed 

125_ integrally on the outer surface of the metal tube 142 
itself or, as in the case of Figure 5, is formed on a 
suitable intermediate member. Above the conical 
portion 146 there is a second oppositely directed 
conical portion 149 which lies in a cylindrical recess 

130 140 of the screw-in member. The intermediate space 
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between the conical outer surface of the portion 149 
and the cylindrical inner surface of the recess 140 is 
filled by a pressure sleeve 170 with cylindrical outer 
surface and conical inner surface. The insulating 
5 sheath 1 50 covers continuously also the conical 
outersurfacesof the portions 146, 14d and the 
adjoining outer surface of the upper portion of the 
metal tube 142 up to the upper end thereof. The 
entire inner surface of the centre opening of the 

10 screw-in member 135 is also coated with an insulat- 
ing layer 171 which also partially covers the lower 
end face of the screw-in member 135. 

The screw-in member 135 is extended upwardly 
by an extension tube 172 which is coaxial therewith 

15 and Is welded to the screw-in member 135. In the 
upper portion of the extension tube 172 an intemal 
thread is formed. Screwed into the intemal thread is 
a pressure ring 1 74 which carries at the periphery an 
external thread and the centre opening of which 

20 surrounds the upper portion of the metal tube 142. A 
helical pressure spring 166 bears on the one hand 
via an annular plate 175 on the pressure ring 174 and 
on the other via a pressure bushing 176 on the 
sleeve 170. 

25 The housing 134 containing the electronic circuit is 
mounted at the upper end of a tubular intermediate 
member 177 which has at the lower end a threaded 
portion which is screwed into the internal thread of 
the extension tube 172. 

30 In this embodiment the helical spring 1 66, com- 
pressed by the screwlng-in of the ring 174, exerts a 
downwardly directed force on the pressure sleeve 
170 and as a result firstly the conical outer surface of 
the portion 146 is pressed into the corresponding 

35 conical inner surface of the centre opening of the 
screw-In member 135 and secondly the pressure 
sleeve 170 Is keyed with the conical outer surface of 
the portion 149. f n this manner a firm completely 
gas-tight and pressure-tight fit of the rod probe in 

40 the screw-in member 135 Is achieved which remains 
even in the case of breakage of the probe rod. 

The embodiment of Figure 6 has compared with 
that of Rgure 5 the advantage that the rod probe 
when damaged can be removed upwardly from the 

45 screw-in member 135 without having to remove the 
latter from the opening of the container wall. After 
the removal of the rod probe a conical closure plug 
having the same form as the conical portion 146 can 
be inserted into the centre opening of the screw-in 

50 member 135 and then clamped by means of the 
pressure ring 174. This seals the container in gas- 
tight manner so that it can be further used until the 
damaged probe rod can be replaced. 

55 CLAIMS: 

1 . A rod-like probe for the capacitive measure- 
ment of the level in a container, the probe forming 
the one electrode and the container the other 

60 electrode of a capacitor whose capacitance depends 
on the level in the container, wherein the probe 
includes two electrical conductors insulated from 
each other which are electrically connected together 
at the ends facing the container interior and at the 

65 ends of which remote from the container interior are 



provided with electrical terminals separate from 
each other. 

2. A probe as claimed in claim 1 wherein the two 
conductors are formed by a wire bent in hairpin 

70 manner. 

3. A probe as claimed in claim 2 wherein the 
hairpin-shaped wire is embedded In a rod-like body 
of insulating material. 

4. A probe as claimed in claim 1 wherein the one 
75 conductor is a solid metal rod which is provided with 

a groove extending over Its entire length and the 
other conductor is a wire Inserted insulated into the 
groove. 

5. A probe as claimed in claim 4 wherein the 
80 metal rod Is covered with an insulating aheath. 

6. A probe as claimed id claim 1 wherein the orh 
conductor is formed by a metal tuba and the other* 
conductor is a wire or metal rod insulated through ' 
the interior of the metal tube. » 

85 7. A probe as claimed In dalm 6 wherein the end 
of the metal tube facing the container interior is 
sealed In gas-tight manner. 

8. A probe as claimed In claim 6 or 7 wherein the 
metal tube is covered with an insulating sheath. 
90 8. A probe as claimed in any one of claims 6 to 8 
which is secured in an opening of the container by 
means of a screw-in member of metal which can be 
screwed into the opening and which has a conically 
widening centre opening into which a member with 
95 conical outer surface connected to the metal tube Is 
Inserted with interposition of an insulating layer, the 
screw-in member, a screw connection pressing the 
conical surfaces together being provided on the side 
of the screw-in member remote from the container, 

100 wherein the centre opening of the end portion of the 
metal tube remote from the container interior or an 
extension sleeve extending the metal tube compris- 
es an outwardly conically tapering cross-sectional 
constriction, the end of the wire or metal rod remote 

105 from the container interior Is connected to a closure 
pin which is led outwardly in electrically insulated 
manner through the centre opening of the end 
portion of the metal tube or extension sleeve and at 
the outer side comprises a conical portion which is 

110 adapted to the cross-sectional constriction and 
which is fitted Into the cross-sectional constriction 
with interposition of an insulating layer, and on the 
outwardly projecting portion of the clamping a 
second screw connection is provided which presses 

115 the conical surfaces against each other. ^ 
10. A probe as claimed in claim 9 wherein a ' 
predetermianed breakage point is formed at the • 
connection point between the closure pin and the 
wire or metal rod. 

120 11. A probe as claimed In claim 9 or 10 wherein 
the second screw connection is formed by an 
external thread on the closure pin and a nut which Is 
screwed onto the external thread and bears via an 
insulating member on the end face of the metal tube 

125 or the extension sleeve. 

12. A probeas claimed in any one of claims 9 to 

1 1 wherein the one electrical terminal Is disposed on 
the end portion of the metal tube or the extension 
sleeve and the other electrical terminal is disposed 

130 on the outwardly projecting portion of the closure 
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pin. 

13. A probe as claimed in any one of claims 9 to 
1 2 wherein the conical centre opening of the screw- 
in member widens towards the outside of the 

5 container and the first screw connection comprises a 
screw component which Is screwed to the screw-in 
member and exerts on the metal tube a pressure 
force directed towards the container interior, 

14. A probe as claimed In claim 13 wherein on 
10 the outside of the metal tube a conical portion 

widening towards the container Interior is disposed, 
a pressure sleeve with conical centre opening is 
fitted onto the conical portion and the screw compo- 
nent acts on the pressure sleeve. 

15 15. A probe as claimed in claim 14wherein 
between the screw component and the pressure 
sleeve a spring Is Inserted. 

16. A capacitive level measuring arrangement 
comprising a probe according to the preceding 

20 claims and a capacitance measuring circuit for 
measuring the capacitance between the probe and 
the container wherein a test circuit for testing the 
electrical continuity of the direct current circuit 
between the two electrical terminals of the probe Js 
provided. 
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